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Abstract 
This research sought to investigate the relationship between capacity and safety on freeway roadways in New Jersey.  Using the 
State’s roadway database, capacity was estimated for State roadways using the procedures in the Highway Capacity Manual.  
Crash prediction models were developed relating crashes and crash rates to the geometric variables used to estimate capacity as 
well as to capacity and v/c ratio.  The research showed that as capacity increases the number of crashes and crash rate also 
increases.  As v/c ratio increased the number of crashes and crash rate decreased indicating that congestion may result in reduced 
speeds and as a result a lower number of crashes and crash rates.  The research points to the need to include operational 
parameters in performing road safety evaluations.   
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The newly released Highway Safety manual (HSM) is a valuable resource to assist planners and designers on 
roadway safety fundamentals.  Analytical tools for predicting road safety are included to allow engineers the ability 
to estimate the expected effectiveness of roadway treatments.  The predictive methodologies rely on the use of 
safety performance models and crash modification factors for roadway segments, intersections and interchanges on 
two-lane, multilane and arterial roadways.  The Highway Safety Manual is similar to the Highway Capacity Manual 
(HCM), which will also be updated in 2010, in that they both allow for the performance of roadway facilities to be 
evaluated.  The Highway Safety Manual reports the expected average crash frequency associated for the time period, 
volume and geometric conditions of a roadway.  The Highway Capacity manual provides the Level of Service for 
the operation of the roadway.  To design and operate safe roadways, there is a need to better understand the 
relationship between the safety and operational impacts of roadway treatments.  Both the HSM and HCM fall short 
in providing a clear relationship between the safety and operational performance of roadways.   
2. Problem statement 
Several studies have been performed showing the impact of geometric features on the safety of freeway 
roadways.  Although many of these geometric features are used in the estimation of capacity of a freeway, little 
research has been performed to demonstrate the relationship between safety and capacity.  In fact, the relationship 
between capacity and safety is not entirely clear.  Kononov et. al (2008) concluded that adding lanes on urban 
freeways initially results in safety improvement that diminishes as congestion increases.  Huang et. al (2002) found 
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that road diets, which involve converting a four-lane undivided roadway into three lanes (two through lanes plus a 
center turn lane), resulted in 6% reduction in crashes, no significant change in crash rates and no impact on crash 
severity.   
3. Research objectives 
This research sought to investigate the relationship between capacity and safety on freeways  in New Jersey.  
Using the State’s roadway database, capacity was estimated for State roadways using the procedures in the Highway 
Capacity Manual.  Total crashes and crash rates were then related to the capacities of homogeneous sections of these 
roadways.  The results begin to identify the relationships between safety and freeway operations. 
4. Background 
According to the Highway Capacity Manual (2010), the capacity of a roadway facility is defined as “The 
maximum hourly rate at which persons or vehicles reasonably can be expected to traverse a point or a uniform 
section of a lane or roadway during a given time period under prevailing roadway, traffic, and control conditions”.  
For basic freeway segments, capacity is determined as the service flow rate for level of service E conditions.  The 
service flow rate is calculated as follows: 
pHVii ffNMSFSF uuu  (1)
where: 
SFi = service flow rate at level of service i (vph) 
MSFi  = maximum service flow rate at level of service i (pcphpl); 
N  =  number of lanes; 
fHV = heavy vehicle adjustment factor 
fp = driver population factor. 
 
The maximum service flow rate (MSF) used in calculating the service flow rate is a function of the free-flow 
speed on the roadway.  The free-flow speed is estimated as follows: 
84.022.34.75 TRDffFFS LCLW    (2) 
where:
FFS = free-flow speed of the freeway, mi/h 
fLW = adjustment for lane width, mi/h 
fLC = adjustment for right-side lateral clearance, mi/h 
TRD = total ramp density, ramps/mi 
 
Equations (1) and (2) identify the variables used in determining the capacity for a freeway.  The relationship 
between safety and capacity should then involve establishing the relationship between safety and the variables used 
to estimate capacity.  The variables used in estimating capacity include: number of lanes, percent heavy vehicles, 
grade, driver type, lane width, shoulder width and total ramp density.   
 
5. Literature review 
No literature could be found relating crashes to capacity of the roadway, however, several research studies have 
been performed relating crash counts and crash rates to the geometric variables used in estimating capacity.  
Kononov et. al (2008) investigated the relationship between safety and the number of lanes on freeways in Colorado, 
California and Texas.  Safety Performance Functions (SPFs) relating the annual average daily traffic to the number 
of crashes per miles were developed for differing number of lanes.  The slopes of the SPF curves, which indicate the 
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change in crashes with increasing number of lanes, were then compared.  The research showed that the slope of the 
SPF curves, or the change in crashes, increases as the number of lanes increases.  In addition, adding lanes may 
initially result in safety improvements that are not sustained as congestion increases.  The researchers state that this 
finding may be explained with the fact that as the number of lanes increases, the potential for lane changing 
increases and so does the potential for conflict. 
 
Rengarasu et. al. (2009) investigated the effects of road geometry and cross-variables, including the number of 
lanes, on number of crashes.  Sixteen years of crash data from roadways in Japan were collected through the nation’s 
highway database system.  Data for 14 “simple” roadway variables were collected.  The cross-section data used 
included shoulder width, average lane width, number of lanes, and truck lane.  Crash data and simple roadway 
variable data were combined to make two databases:  one with homogeneous road segments and the other with 1-im 
road segments.  A decision tree was used to identify combinational variables and a negative binomial regression 
performed to determine the relationship between number of crashes and the set of independent variables.  Thirteen 
combinations of variables were found to be significant at a chi-square level of 5% with number of lanes as the most 
significant factor.  Road segments with two or more lanes per direction, a maximum shoulder width of less than 1.1 
m, and a lane width of less than 3.25 m were found to have the highest crash rate per kilometer. Road segments with 
one lane per direction, at least 2.3 m of maximum shoulder width, and a lane width between 3.1 and 3.3 m were 
found to have the lowest crash rate per kilometer. 
 
Gross et. al (2009) identified whether it was safer to increase lane width or increase shoulder width for a fixed 
total width on a roadway.  Using geometric, traffic and crash data from Pennsylvania and Washington, a case-
control approach was used to evaluate the safety effectiveness of various lane–shoulder configurations.  The case-
control method identifies samples of cases and controls for a given outcome and compares the prevalence of risk 
factors between the two groups.  In this study, cases were defined as road segments experiencing at least one crash 
during a particular year and controls drawn from segments not experiencing a crash during the same year.  Models 
were developed for pavement widths between 26 and 36 feet with the 36-ft width pavement, consisting of 12-ft lanes 
and 6-ft shoulders, selected as the baseline condition.  The model developed for Pennsylvania showed a declining 
odds ratio as total paved width increases.  The model also indicates a general reduction in crash odds a lane width 
increases while holding shoulder width constant, as well as a when shoulder width increases while holding lane 
width constant.  The model developed for Washington showed a clear trend in reduced crash odds as shoulder width 
increases for a fixed lane width of 11 feet. 
Zegeer et. al.(1995) reviewed and summarized known relationships between crash experience and cross-sectional 
roadway elements.  The elements considered included lane width, shoulder width, shoulder type, roadside features, 
bridge width, median design, and others.  The study focused on two-lane, rural roadways.  Only crash types related 
to cross-sectional elements, such as run-off-road and head-on crashes were included in the number of crashes 
evaluated.  The study found that lane widening can reduce related crashes by up to 40.  Adding an 8-foot paved 
shoulder can reduce related crashes by 49 percent.  Increasing the roadside clear zone by 20 feet can reduce crashes 
as much as 44 percent.  Flattening a 2:1 sideslope to 7:1 or flatter can reduce single vehicle crashes by up to 27 
percent.  Wider and flatter medians were found to result in reduced crash rates on multilane roadways.  
Huang et. al (2002) investigated the effects of “road diets” on the motor vehicle crashes and injuries.  In this case, 
“road diets” refer to converting a four-lane undivided roadway to a three-lane roadway with two through lanes and a 
center turn lane.  Twelve roadways where these conversions were implemented were evaluated and a before-after 
analysis using a “yoked comparison” was performed.  Using this approach, crashes both for locations experiencing 
the treatment and locations selected for comparison were obtained for a period before the installation and after 
installation.  The comparison locations included locations with four-lane roadways similar in functional 
classification, type of development, speed limit, intersection spacing and access control to the treatment locations. 
The study found that given the total number of crashes that occurred at both the road diet and comparison sites, a 
higher percentage of crashes at comparison sites (41.0 percent) occurred in the “after” period than at the road diet 
locations (35.8 percent).  Crash rates did not change significantly from the before to the after period and road diet 
conversions did not affect crash severity.   
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Rogness et. al (1982) evaluated the safety impacts of adding pave shoulders on rural two-lane highways and the 
impacts of converting two-lane roadways with full-width paved shoulders to undivided, four-lane roadways without 
shoulders.  Crash frequencies were compared by crash type and roadway class, before and after the treatments were 
implemented.  In addition, a paired t-test was used to determine whether the difference between the before and after 
conditions was statistically significant for either crash type or for crash severity.  The study found that the addition 
of full-width paved shoulders to a two-lane roadway reduced the total number of crashes.  The conversion of a 
paved shoulder to an additional travel lane resulted in fewer total crashes if the traffic volume was greater than 3000 
vehicles per day.   
 
6. Methodology 
The approach used to develop relationships between safety and capacity involved developing crash prediction 
models where total crashes and crash rates were estimated as a function of the geometric conditions and capacity of 
the roadway.  Models predicting number of crashes and crash rates were developed: (1) using all of the variables 
used to estimate capacity; (2) using capacity as an explicit variable; and (3) using v/c ratio, rather than capacity.  
Crash prediction models were developed using both the Poisson and negative binomial models to estimate the 
number of crashes.  Poisson regression models provide relationships between observed count data that follow a 
Poisson distribution and a set of explanatory variables.  This relationship between the expected number of crashes 
and the explanatory variables is expressed as (Bauer, 1996):
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The model coefficients, Ej, are estimated using the maximum likelihood method.  Using this method, the 
maximum likelihood estimates (MLE) of the regression coefficients are obtained by maximizing the log likelihood 
function which is stated as: 
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The model parameters are estimated by maximizing the log likelihood function or by minimizing the negative of 
the log likelihood with the maximum value occurring if the model fits the data exactly.   
 
A limitation of the Poisson regression model is that the variance should be equal to the mean.  If this condition is 
not met, the data is overdispersed and the Poisson model is not appropriate.  In that case, the negative binomial 
model may provide a better modeling approach.  For the negative binomial, the number of crashes, Yi, follows a 
negative binomial distribution with the mean and variance of the distribution as follows: 
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As D goes to zero, the negative binomial regression yields the Poisson regression. 
 
7. Goodness-of-Fit 
The goodness-of-fit of the Poisson regression model cannot be described by an R2 value as calculated for a linear 
regression model.  Instead two types of R2 values are provided: the Pearson R2P and the deviance R2D.  These 
statistics are calculated as:  
¦
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where: yi = observed crashes; 
  O^  = expected number of crashes; 
  
_O  = average number of crashes. 
 
Both the Pearson R2P and the deviance R2D assess the improvement in the fit that results from using Oi instead of _O  to predict yi. 
 
The Chi-squared and G-squared values are also provided as a means of assessing the goodness of fit of the 
models.  The Pearson chi-square statistic can be used to assess whether the model is overdispersed (Vogt, 1988).  If 
the ratio of the chi-square statistic over (n-p), where n is the number of observations and p is the number of 
parameters estimated in the model, is greater than 1, then the data has greater dispersion that is explained by the 
Poisson distribution.  The G-squared value is the sum of the deviances and is expressed as: 
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A model with a perfect fit would show a G-squared value equal to 0.0.  The mean deviance, G2/(n-p), where n 
and p are as previous described, should be equal to one for the Poisson regression.  When the mean deviance is 
substantially greater than one, the data is said to be overdispersed (Pernia, 2002). 
 
8. Data collection 
To determine the relationship between capacity and safety, crash data for the year 2008 were obtained from the 
New Jerseys Department of Transportation (NJDOT) crash database.  The NJDOT crash database contains crash 
statistics obtained for crash reports on the state’s roadways.  Nine roadways were identified to be included in the 
analysis including State Routes 1, 9, 46, 55 and 206 and Interstate 78, 80, 287 and 295.  The routes were selected 
because they represent some of the major through routes in the state of New Jerseys and are classified as and Urban 
Principal Arterial, Urban Freeway/Expressway or Urban Interstate.  Table 1 shows the selected roadways and the 
portions of roadways used in the analysis. 
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Table 1.  Study roadway characteristics 
Study Roadway Milepost Functional Classification Average 
AADT 
(veh/day) 
Average Section 
Length (mi) 
Route 1 0.60 - 64.88 Urban Freeway/ Expwy  
Urban Principal Arterial 
65681 0.54 
Route 9 3.00 - 136.38 Urban Principal Arterial 
Urban Minor Arterial 
27638 0.60 
Route 46 7.46 -  72.09 Urban Principal Arterial 43148 0.44 
Route 55 21.75 - 58.90 Urban Freeway/ Expwy 38970 1.03 
Route 206 0.00 - 129.22 Urban Principal Arterial 17659 0.53 
Interstate 78 4.16 -  58.58 Urban Interstate 99863 0.76 
Interstate 80 0.50 -  25.37 Rural Interstate 45046 0.71 
Interstate 287 0.00 -  67.54 Urban Interstate 94164 0.71 
Interstate 295 0.95 -  67.79 Urban Interstate 68239 0.79 
 
The data collected represented parameters used in estimating capacity on freeway facilities.  These parameters 
included each roadway’s section length, AADT, total crashes, county, functional classification, truck percentage, 
posted speed limit, number of lanes, length width, median width and the total ramp density.  A total of 988 segments 
were included in the analysis.  Table 2 shows the roadway statistics for the roadways used.   
Table 2.  Roadway characteristics 
 Mean Min. Max. Standard 
Error 
Total Crashes 20.61 0.00 217.00 0.89 
Crash Rate (crashes/mvmt) 4.10 0.00 119.68 0.29 
Section Length (mi) 0.61 0.01 5.25 0.02 
AADT (veh/day) 48093.27 0 179070 1139.70 
Percent Trucks(%) 4 1 16 0.135 
Posted Speed (mi/h) 51.19 25 65 0.33 
Number of Lanes 2.53 1 6 0.02 
Pavement Width (ft) 12.22 6 122 0.12 
Shoulder Width (ft) 8.74 0 20 0.14 
Total Ramp Density (ramps/mi) 0.44 0.00 1.67 0.01 
9. Analysis 
9.1. Freeway capacity estimation 
The capacity for each roadway segment was estimated using equation (2) to estimate the free-flow speed and 
equation (1) to estimate the capacity or the service flow rate at level of service E.   The maximum service flow rate 
used in equation (1) was taken from the Highway Capacity Manual 2010 for level of service E and shown in Table 
3.  
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Table 3.  Freeway capacity under ideal conditions 
Free-Flow Speed (mi/h) Maximum Service Flow Rate  (pc/h/ln) 
70 2,400
65 2,350
60 2,300
55 2,250
 
The calculated free-flow speed and capacities for the roadways are given in Table 4.  The table shows that free-
flow speeds for the roadways varied between 58 and 75 mph and the capacity varied between 5945 and 13,991 pcph.  
The volume used to calculate the v/c ratio is based on the AADT and using an assumed K and D value of 0.1 and 
0.5. 
Table 4.  Roadway capacity factors 
 Average Min Max Std. Error 
FFS (mi/h) 73.19 58.21 75.40 0.07
Capacity (pc/h) 5945.54 2232.92 13991.03 52.90
DDHV (veh/hr) 2404.66 0.00 8953.50 56.98
v/c ratio 0.40 0.00 2.79 0.01
 
Figure 1 shows the relationship between total crashes and the free-flow speed.  The figure shows that as the free-
flow speed increases, there is a general increase in total crashes.  However, the figure also shows an increase in the 
variability of the total crashes as the free-flow speed increases.  This indicates that the total crashes cannot be 
explained by only the free-flow speed of the roadway.  
 
Figure 2 shows the relationship between the capacity and the total crashes.  The figure shows that the capacity 
estimates are quite similar for segments with the same number of lanes.  As a result, total crashes are clustered to 
four capacity estimates associated with 2-lane, 3-lane, 4-lane and 5-lane segments.  The figure shows that similar to 
the relationship between free-flow speed and total crashes, there is a wide range in total crashes for a capacity 
estimate. 
10. Crash prediction models 
Crash prediction models were developed for the study roadways using both Poisson regression and negative 
binomial models.  The statistical package Limdep 7.0 was used for developing the crash prediction models. The 
variables considered in modeling truck crashes included: Section Length, AADT, Percent Trucks, Posted Speed, 
Number of Lanes, Pavement Width, Shoulder Width and Total Ramp Density.  Models predicting number of crashes 
and crash rates were developed: (1) using all of the variables used to estimate capacity; (2) using capacity as an 
explicit variable; and (3) using v/c ratio, rather than capacity. 
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Figure 1. Free-Flow speed versus total crashes 
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Figure 2. Capacity versus total crashes 
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10.1. Safety and roadway geometrics 
Table 5 show the Poisson and negative binomial model results and Table 6 shows the Goodness-of-Fit parameters 
when all the variables used for calculating capacity were used.  Table 6 provides an estimate of alpha, the 
overdispersion parameter for the negative binomial model.  If the alpha coefficient is zero then the model is better 
estimated using an ordinary Poisson regression model.  For both the models estimating the total crashes and crash 
rate, the alpha coefficient is significant, indicating that a negative binomial model is a more suitable model than the 
Poisson regression model.   
 
For the negative binomial model predicting crash counts, all variables are significant at a 0.05 significance level, 
except for the percentage of truck and the lane width.  The percentage of truck has a significance level of 0.089 lane 
width has a significance level of 0.423 in the negative binomial model.    The posted speed and shoulder width have 
negative coefficients indicating that as these variables increase, the number of crashes decreases.  The result is 
intuitive as an increase in these variables represents better design and safer roadways.   
 
For the negative binomial model developed to estimate crash rate, the section length, AADT and posted speed 
were found to be significant.  All three significant variables have negative coefficients indicating that as these 
variables increase, the crash rate decreases.  The segment length and AADT are both used in the denominator when 
calculating the crash rate and so are inversely related to the crash rate.  The posted speed limit is reflective of the 
roadway design.  As the posted speed increases, so does the ability of vehicles to travel safely on the roadway.  
Therefore, as the posted speed increases, it would be expected that the crash rate of the roadway decreases. 
 
10.2. Safety and capacity  
To evaluate the relationship between safety and capacity, crash prediction models were developed using capacity 
as an explicit independent variable.  In this modeling approach, the variables used to calculate capacity were not 
used as independent variables.  The variables used to develop the prediction model include: section length, AADT, 
posted speed and capacity.   
 
Table 7 show the Poisson and Negative Binomial model results and Table 8 shows the Goodness-of-Fit 
parameters.  Similar to the previous models, overdispersion parameter is significant indicating that the negative 
binomial model provides a better fit.   
 
All of the variables were found to be significant at a 0.05 significance level.   For the model estimating number of 
crashes, posted speed has a negative coefficient.  For the models estimating crash rate, the coefficients for section 
length, AADT and posted speed are negative.  The coefficient for the capacity variable is positive indicating that as 
capacity increases, the crash rate also increases.  This finding supports Kononov’s (2008) study which concluded 
that crash rates increased as the number of lanes increases.  The explanation given in that study was the increase in 
number of lanes also increases the potential for lane changing and the potential for conflict.  Similarly, higher 
capacities may also result in higher speeds and a greater propensity for crashes.  
 
 
11. Conclusions 
The objective of this research was to investigate the relationship between capacity and safety.  Crash prediction 
models were developed relating crashes and crash rates to the geometric variables used to estimate capacity as well 
as to capacity and v/c ratio.  The research found that the posted speed, shoulder width and total ramp density does 
impact the crashes on urban freeways.  As the posted speed and shoulder width increased, the number of crashes was 
found to decrease.   The reasoning is based on the higher speeds associated with roadways with higher posted
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Table 5.  Model results for all variables 
 
 
Parameter 
Modeling Crash Counts 
Poisson Negative Binomial 
 
ȕ 
Std. 
Error p-value 
 
ȕ 
Std. 
Error p-value 
Intercept  2.368 0.056 0.000 2.587 0.255 0.000 
Section Length, SL  0.719 0.007 0.000 1.112 0.048 0.000 
Average Annual Daily 
Traffic, AADT 
 0.011 0.000 0.000 0.013 0.001 0.000 
Truck Percentage, PT  0.453 0.247 0.066 1.642 0.964 0.089 
Posted Speed, SPD -0.020 0.001 0.000 -0.036 0.004 0.000 
Number of  Lanes, N  0.177 0.011 0.000 0.169 0.046 0.000 
Lane Width, LW  0.007 0.002 0.001 0.011 0.013 0.423 
Shoulder Width, SW -0.030 0.002 0.000 -0.014 0.006 0.030 
Total Ramp Density  0.354 0.017 0.000 0.343 0.075 0.000 
Alpha (Over 
Dispersion Parameter) 
 
- 
 
- 
 
- 
 
0.705 
 
21.20 
 
0.000 
 
Parameter 
Modeling Crash Rates 
Poisson Negative Binomial 
 
ȕ 
Std. 
Error p-value 
 
ȕ 
Std. 
Error p-value 
Intercept  3.764 0.106 0.000 3.627 0.300 0.000 
Section Length, SL -1.068 0.047 0.000 -0.733 0.071 0.000 
Average Annual Daily 
Traffic, AADT 
-0.012 0.001 0.000 -0.008 0.001 0.000 
Truck Percentage, PT  2.000 0.635 0.002 0.111 1.011 0.913 
Posted Speed, SPD -0.030 0.002 0.000 -0.031 0.003 0.000 
Number of  Lanes, N  0.061 0.023 0.007 0.065 0.050 0.197 
Lane Width, LW -0.003 0.004 0.365 -0.003 0.016 0.863 
Shoulder Width, SW -0.001 0.004 0.794 -0.003 0.006 0.609 
Total Ramp Density  0.174 0.041 0.000 0.081 0.055 0.141 
Alpha (Over 
Dispersion Parameter) 
 
- 
 
- 
 
- 
 
0.511 
 
14.580 
 
0.000 
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Table 6.  Goodness-of-Fit for models using all variables 
 
Modeling Crash Counts Modeling Crash Rates 
Poisson 
Negative 
Binomial Poisson 
Negative 
Binomial 
Number of observations 987 987 724 724 
Log likelihood function -8657.85 -3656.38 -2938.11 -1829.89 
Restricted log likelihood -14741.8 -8657.85 -3820.68 -2938.11 
Chi-squared 12167.94 10002.94 1765.135 2216.44 
Significance level 0.000 0.000 0.000 0.000 
R2p 0.599 - 0.519 - 
R2D 0.478 - 0.325 - 
Table 7.  Model results relating safety, capacity and V/C ratio 
Model Relating Safety and 
Capacity 
Modeling Crash Counts Modeling Crash Rates 
ȕ Std. Error 
p-value 
ȕ Std. 
Error p-value 
Intercept  2.679 0.181 0.000  8.183 0.240 0.000 
Section Length, SL  1.097 0.048 0.000 -0.487 0.063 0.000 
Average Annual Daily 
Traffic, AADT 
 0.015 0.001 0.000 -0.006 0.001 0.000 
Posted Speed, SPD -0.036 0.004 0.000 -0.043 0.005 0.000 
Capacity  0.085 0.019 0.000  0.061 0.024 0.013 
Model Relating Safety and 
V/C Ratio 
ȕ Std. Error p-value ȕ Std. 
Error 
p-value 
Intercept  3.124 0.155 0.000  8.517 0.209 0.000 
Section Length, SL  1.098 0.049 0.000 -0.490 0.063 0.000 
Average Annual Daily 
Traffic, AADT 
 0.020 0.002 0.000  0.000 0.002 0.946 
Posted Speed, SPD -0.036 0.003 0.000 -0.042 0.005 0.000 
V/C Ratio -0.005 0.002 0.013 -0.007 0.002 0.000 
  
speed limits and wider shoulders.  Capacity was found to have a positive coefficient indicating that as capacity 
increases, the number of crashes and crash rate also increases.  The finding indicates that higher capacities may 
result in higher potential for speeding and a greater propensity for crashes.  The research showed that as v/c ratio 
increased the number of crashes and crash rate decreased indicating that congestion may result in reduced speeds 
and as a result a lower number of crashes and crash rates.   
The research points to the need to include operational parameters in performing road safety evaluations.  In 
addition to the v/c ratio, operating speed and density should be considered to better estimate the safety performance 
of a roadway.  Future research may involve determining crash modification factors for operational parameters.   
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Table 8.  Goodness-of-Fit for Models Using Capacity and V/C Ratio 
 Model Relating Safety and Capacity Model Relating Safety and V/C Ratio
 Modeling Crash 
Counts 
Modeling Crash 
Rates 
Modeling Crash 
Counts 
Modeling Crash 
Rates 
 Negative Binomial Negative Binomial Negative Binomial Negative Binomial
Number of 
observations 987 
987
987 
987 
Log likelihood 
function -3669.31 
-6674.11
-3677.62 
-6673.99
Restricted log 
likelihood 
-8945.47 -253456.3 -9135.75 -251434.7
Chi-squared 10552.29 493564.4 10916.27 489521.4
Significance level 0.000 0.000 0.000 0.000 
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